Introduction
============

Differentiated thyroid carcinoma (DTC) originates from epithelial follicular cell and considered as a major form of thyroid carcinoma. DTC includes two histological types, namely, papillary thyroid carcinoma (PTC) and follicular thyroid carcinoma (FTC)[@r1].

DTC is mostly indolent and a clinically nonsignificant disease that is found incidentally with good prognosis in most cases and a high 10-year survival rate (90%-95%)[@r2].

A thyroid nodule is the first symptom of thyroid cancer and of particular concern when found in patients younger than 20 years old, with greater potential for malignant presentation in such cases. Pain in the anterior region of the neck and changes in voice may occur as late symptoms because of the involvement of the recurrent laryngeal nerve[@r3].

Approximately 80%-85% of all thyroid malignancies are PTCs. In addition to the classic form of PTCs, several morphological variants, usually classified as biologically aggressive, have been identified: diffuse sclerosing, tall cell, columnar cell, solid/trabecular, and insular variants[@r4]. The aggressive behavior of PTC is attributed to its invasion into extrathyroidal tissues and extensive vascular invasion[@r5]. However, recent studies have shown that some of these variants (sclerosing and tall cell) are not related to poor outcome *per se*, but rather tumor prognosis is dependent on the presence of aggressive features, such as extracapsular and vascular invasion, larger tumor size, and the presence of distant metastasis (DM)[@r6]^,^[@r7]. FTC is the second most frequent subtype and accounts for approximately 10%-15% of all thyroid cancers. Hürthle cell thyroid carcinoma is a variant of FTC that accounts for 3% of thyroid malignancies and is characterized by less sensitivity to iodine therapy[@r8]^,^[@r9].

DTCs are analyzed as a single group in clinical studies that investigate the prognostic factors and prognosis of patients. However, the biological behaviors of the two types of DTC significantly vary. PTC metastasizes frequently to the regional lymph nodes and may show a high incidence of significant extrathyroid extension to adjacent organs. By contrast, FTC more frequently metastasizes to more distant organs, such as the lung, bone, and brain, than PTC[@r10].

PTC and FTC are often treated similarly despite their numerous biological differences. The most effective management of thyroid cancers is the surgical removal of the thyroid gland (thyroidectomy), followed by radioactive iodine (RAI) ablation and thyroid replacement therapy for TSH suppression. Chemotherapy or radiotherapy has a limited role only in cases with DM or advanced cancer stage[@r11].

Unlike most cancers, recurrence of DTC does not necessarily correlate with increased risk of mortality. This phenomenon is particularly demonstrated in young patients who have higher rates of local recurrence, but have low mortality risk. Several clinical features enable initial risk stratification, including patient age, size of the primary tumor, histology, gross extra-thyroidal extension, completeness of resection, involvement of the cervical lymph nodes, or DM[@r12].

In the present study, we aimed to distinguish the outcomes of prognosis between PTC and FTC in a single institution (Mansoura University Hospital in Egypt).

Patients and methods
====================

Patient data
------------

A total of 558 patients, with histologically proven thyroid carcinoma from January 2003 to December 2012, were retrospectively included in this study. This study was approved by the ethics committee at Mansoura University Hospital.

The data were collected from the archives of patients in the clinical oncology and nuclear medicine departments, as well as those in the pathology department. The data included the general characteristics of patients and tumor: age, sex, primary tumor size, the number of lymph node metastasis, multifocality of the primary lesion, extrathyroid extension, subtypes of papillary and follicular thyroid carcinoma, TNM stage based on TNM staging of the American Joint Committee on Cancer, and the development of DM[@r13]. Extrathyroid extension was defined according to the TNM criteria as follows: any tumor with minimal extrathyroid extension as extension to sternothyroid muscle or perithyroid soft tissues (PT~3~); tumor of any size that extends beyond the thyroid capsule and invades subcutaneous soft tissues, larynx, trachea, esophagus, or recurrent laryngeal nerve (PT~4a~); or tumor that invades the prevertebral fascia or encases carotid artery (PT~4b~). Patients with focal poorly differentiated carcinoma, focal undifferentiated carcinoma, or DM at the time of diagnosis were excluded from this study.

Treatment modalities, which included the type of surgical resection and either hemi-thyroidectomy, near, or subtotal thyroidectomy with lymph node dissection, were performed in positive lymph node cases. Redo surgery (completion thyroidectomy) was performed in cases with postoperative large residual tumor. Postoperative treatment, which included radioiodine ablation ^131^I (80-120 mCi) in patients who underwent at least a near-total thyroidectomy and thyroxine suppression therapy, was also recorded. Chemotherapy was used in some cases of metastatic or non-resectable DTC, and radiotherapy was used as palliative treatment for metastatic or unresectable cases.

Follow-up data of patients were retrieved from the archive of the Clinical Oncology and Nuclear Medicine Department, and the survival data, including the overall survival (OS) and disease-free survival (DFS), were collected.

DFS was calculated from the date of surgery until the date of recurrence (either local or distant), and OS was calculated from the date of diagnosis until the date of death of the patient (regardless of the cause of death).

Statistical analysis
--------------------

Data were analyzed using Statistical Package for Social Sciences Version 16 (SPSS Inc., Chicago, IL, USA). Qualitative data were presented as number and percentage. Survival curves were estimated by the Kaplan-Meier method with log rank test to assess significance. Multivariate Cox proportional hazard regression models were used to evaluate any independent prognostic effect of the variables with 95% confidence interval (CI). A *P*-value of \<0.05 was considered significant.

Results
=======

In the present retrospective study, 558 patients were enrolled, and their data were analyzed with median follow-up period of 52 months (range: 12-120 months). A total of 477 patients (85.5%) were diagnosed with PTC, whereas FTC was found in 81 (14.5%) patients.

Other patients' characteristics are shown in [**Table 1**](#t1){ref-type="table"}.

###### Clinicopathological features of all thyroid carcinoma patients

  Characteristics                         PTC (*n*=477)          FTC (*n*=81)                
  --------------------------------------- --------------- ------ -------------- ------------ ------
  Gender                                                                                     
      Male                                145             30.4                  23           28.4
      Female                              332             69.6                  58           71.6
      Male: female ratio                  01:02.2                               01:02.5      
  Patients' age (years)                                                                      
      \<45                                284             59.5                  37           45.7
      ≥45                                 193             40.5                  44           54.3
      Median in years (range)             40 (8-71)                             40 (21-72)   
  Primary tumor size (cm)                                                                    
      ≤1                                  57              11.9                  2            2.5
      \>1 and ≤2                          110             23.1                  7            8.6
      \>2 and ≤4                          223             46.8                  37           45.7
      \>4                                 87              18.2                  35           43.2
  Lymph node status                                                                          
      N~0~                                302             63.3                  75           92.6
      N~1~                                175             36.7                  6            7.4
  Development of DM                                                                          
      No                                  456             95.6                  59           72.8
      Positive                            21              4.4                   22           27.2
  Extrathyroid extension                                                                     
      No                                  444             93.1                  77           95.1
      Probable                            33              6.9                   4            4.9
  Multifocality                                                                              
      No                                  440             92.2                  78           96.3
      Yes                                 37              7.8                   3            3.7
  Subtypes of PTC/FTC                                                                        
      Classic/classic                     331             69.4                  58           71.6
      Follicular/Hürthle cell carcinoma   133             27.9                  23           28.4
      Others\*                            13              2.7                   --           --
  Degree of invasion                                                                         
      Minimally invasive                  --              --                    48           59.3
      Widely invasive                                                           33           40.7

\*, Including encapsulated tall and columnar cell variants. DM, distant metastasis; PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma.

Prognostic features of PTC
--------------------------

Our results showed that old age, large primary tumor size, lymph node stage, extrathyroid extension, and DM were significant poor prognostic factors for PTC on the univariate analysis of OS ([**Table 2**](#t2){ref-type="table"}). Multivariate COX hazard analysis showed that patient age (HR =5.94; 95% CI, 1.237-28.650; *P*=0.026), extrathyroid extension (HR =3.527; 95% CI, 1.070-11.626; *P*=0.038), and DM (HR =12.968; 95% CI, 3.924-42.854; *P*\<0.001) were the only independent prognostic factors of OS. Results from the univariate analysis of the various prognostic factors in the PTC patients' series in relation to DFS using log rank test are summarized in [**Table 2**](#t2){ref-type="table"}. Our results showed that male gender, old age, large primary tumor size, lymph node metastasis, extrathyroid extension, and multifocality were significant poor prognostic factors, but the multivariate COX hazard analysis showed that tumor size (HR =3.972; 95% CI, 1.237-15.650; *P*=0.023) and lymph node stage (HR =5.434; 95% CI, 1.245-26.530; *P*=0.014) were the only independent prognostic factors ([**Table 3**](#t3){ref-type="table"}).

###### Prognostic variables in PTC in relation to OS and DFS

  Characteristics           OS (%)   *P*       DFS (%)   *P*
  ------------------------- -------- --------- --------- ---------
  Gender                             0.668               0.001
      Male                  96.7               67.9      
      Female                97.7               82.5      
  Patients' age (years)              \<0.001             \<0.001
      \<45                  98.8               85.8      
      ≥45                   94.2               66.5      
  Primary tumor size (cm)            0.002               \<0.001
      ≤1                    100                91.5      
      \>1 and ≤2            100                89.2      
      \>2 and ≤4            96.8               79.9      
      \>4                   90.3               40.3      
  Lymph node status                  \<0.001             \<0.001
      N~0~                  100                94.9      
      N~1~                  91.8               49.1      
  Development of DM                  \<0.001   --        --
      No                    98.6                         
      Positive              63.2                         
  Extrathyroid extension             \<0.001             \<0.001
      No                    98                 82        
      Probable              84.4               28        
  Multifocality                      0.94                0.002
      No                    97                 79.9      
      Yes                   94.1               55.9      
  Subtypes                           0.15                0.642
      Classic               98                 98        
      Follicular            94.4               94.4      
      Others\*              100                100       

\*, Including encapsulated tall and columnar cell variants. PTC, papillary thyroid carcinoma; OS, overall survival; DFS, disease-free survival; DM, distant metastasis.

###### COX proportional hazard analysis of the predictors of DFS in the PTC series

  Variable                 *P*     HR      95% CI   
  ------------------------ ------- ------- -------- --------
  Gender                   0.356   0.607   0.21     1.752
  Patients' age            0.791   0.884   0.354    2.204
  Tumor size               0.033   1.892   1.051    3.404
  LN stage                 0.002   4.975   1.845    13.411
  Multifocality            0.644   1.313   0.414    4.159
  Extrathyroid extension   0.075   2.72    0.904    8.18

PTC, papillary thyroid carcinoma; DFS, disease-free survival.

We studied the differences in survival between the various types of PTC in terms of the OS and DFS, and no significant relationship was found \[OS (LR =3.788, *P*=0.150) or DFS (LR =0.798, *P*=0.671)\].

Prognostic features of FTC
--------------------------

We found that the only factors that significantly affected the OS of FTC patients were DM and degree of tumor invasion ([**Table 4**](#t4){ref-type="table"}). However, none of these remained independent in the multivariate analysis. The factors that affected the DFS of FTC on univariate analysis are summarized in [**Table 4**](#t4){ref-type="table"}. The results showed that tumor size, extrathyroid extension, and degree of tumor invasion were the only significant poor prognostic factors in FTC patients. Only extrathyroid extension (HR =10.956; 95% CI, 2.724-39.864; *P*\<0.001) and degree of tumor invasion (HR =5.547; 95% CI, 1.684-27.754; *P*=0.025) remained independent in the multivariate analysis in our patients' series ([**Table 5**](#t5){ref-type="table"}). However, the various types of FTC did not exhibit any significant effect on OS (*P*=0.097) or DFS (*P*=0.410).

###### Prognostic variables in FTC in relation to OS and DFS

  Characteristics              OS (%)   *P*       DFS (%)   *P*
  ---------------------------- -------- --------- --------- ---------
  Gender                                0.822               0.675
      Male                     88.5               57.1      
      Female                   90.5               67.3      
  Patients' age (years)                 0.253               0.102
      \<45                     94.1               73.5      
      ≥45                      84.6               56.4      
  Primary tumor size (cm)               0.432               0.017
      ≤1                       100                50        
      \>1 and ≤2               80                 80        
      \>2 and ≤4               94.1               76.5      
      \>4                      84.4               50        
  Lymph node status                     0.504               0.789
      N~0~                     88.1               64.1      
      N~1~                     100                75        
  Development of DM                     \<0.001   --        --
      No                       98.1                         
      Positive                 66.7                         
  Extrathyroid extension                0.16                0.002
      No                       90                 67.1      
      Yes                      66.7               0         
  Multifocality                         0.94                0.055
      No                       97                 47        
      Yes                      94.1               0         
  Subtypes                              0.097               0.41
      Classic                  92.6               66.7      
      Hürthle cell carcinoma   78.9               57.9      
  Degree of invasion                    0.004               \<0.001
      Minimally invasive       97.5               82.5      
      Widely invasive          78.6               39.3      

FTC, follicular thyroid carcinoma; OS, overall survival; DFS, disease-free survival; DM, distant metastasis.

###### COX proportional hazard analysis of the predictors of DFS in the FTC series

  Variable                 *P*       HR       95% CI   
  ------------------------ --------- -------- -------- --------
  Tumor size, cm           0.244     0.576    0.227    1.458
  Extrathyroid extension   0.021     4.937    1.279    19.057
  Degree of invasion       \<0.001   13.118   3.364    51.144

DFS, disease-free survival; FTC, follicular thyroid carcinoma.

Treatment
---------

Total or near total thyroidectomy was performed in 97.1% of our patients. Hemithyroidectomy was performed in 2.9%, and redo surgery was performed in 57 patients (10.2%). Chemotherapy or radiotherapy was applied alone or in combination with other lines in 11 and 16 patients, respectively. RAI was applied in 552 (98.9%) patients. This information is reported as descriptive results only.

Survival
--------

The 10-year OS rates were 97% and 89% for PTC and FTC, respectively, with a statistically significant difference (*P*=0.003) ([**Figure 1**](#f1){ref-type="fig"}). The 10-year DFS rates were 77.2% in PTC *vs*. 65% in FTC, without statistically significant difference (*P*=0.179).

![Kaplan-Meier plot of OS for PTC and FTC. OS, overall survival; PTC, papillary thyroid carcinoma; FTC, follicular thyroid carcinoma.](cbm-12-01-053-f1){#f1}

Discussion
==========

PTC and FTC are generally indolent diseases and show good prognosis if treated appropriately. These DTCs are studied as a single group in investigative studies on the prognosis of thyroid carcinoma, in spite of their distinct biological behavior. Therefore, prognostic factors and prognosis of PTC and FTC patients should be analyzed independently[@r14]. In the present study, we evaluated the factors that affected the prognosis of PTC and FTC in Egypt and compared them with other reports. Our results showed that the significant prognostic factors differed between the two types of DTC. However, some studies could not distinguish the PTC and FTC outcomes[@r10]^-^[@r15], and other reports have considered a significantly poorer prognosis for FTC[@r16]^,^[@r17], which is consistent with our report.

The age of PTC patients in our study ranged from 8 to 71 years old, with a median of 43 years old for PTC. By contrast, the age of FTC patients, ranged from 21 to 72 years old with a median of 43 years old. Other studies have reported an age range from 25 to 65 years old with the median age at diagnosis of 49 years old[@r15]. These results agree with previous studies demonstrating that PTC and FTC can occur in children (accounting for 80% and 10%-20%, respectively)[@r16].

Female patients were more common than males in our study with a ratio of 2.28:1 in PTC and 2.5:1 for FTC, which agrees with the results of another report[@r15].

Ages older than 45 years old affected the OS and DFS of PTC patients on the univariate analysis. However, this factor was not an independent prognostic factor, contrary to previous results[@r18]. Other studies have reported that its prognostic effect on DFS was weak[@r19]. However, some studies have stated that ages 45 years old or older are a significant prognostic factor for FTC on univariate analysis (which is not consistent with our results), but are not an independent prognostic factor[@r20].

A previous study has demonstrated that gender only has a weak prognostic significance in DTC, with women showing better survival advantage than men. This result was attributed to a younger age distribution among women, and if age was also considered, gender would not exhibit prognostic significance[@r21]. However, other studies have reported that male gender was an independent prognostic factor for PTC and FTC[@r18]^,^[@r22]. By contrast, our study showed the sex of a patient had no effect on DFS and OS for both PTC and FTC. The difference in the results can be attributed to the difference in the numbers of cases.

In our study, multifocality had no effect on the OS of PTC and FTC patients. However, multifocality significantly influenced the DFS of PTC on the univariate analysis, but not on the multivariate analysis, which agrees with previous results[@r19]. Passler *et al*. stated that multifocality significantly affects the outcome of both PTC and FTC patients[@r18]. One study has reported that PTC with lymph node metastasis is more frequently detected in multiple than in solitary microcarcinomas and suggested that multiplicity reflects the aggressive behavior of PTC to some extent[@r23].

Tumor size of larger than 4 cm significantly affected OS and DFS of PTC patients, which is consistent with other studies[@r18]^,^[@r22]. Therefore, careful and extensive surgery, as well as postoperative follow-up, is recommended for PTC tumor sizes larger than 4 cm even in the absence of other high-risk features. In FTC, the size of larger than 4 cm had marginal significance for DFS in FTC, but not for cause-specific survival (CSS) on multivariate analysis[@r20].

Lymph node metastasis was not an independent prognostic factor in our series, contrary to previous reports, which determined that this is an independent prognostic factor in PTC[@r18]^,^[@r19]. Other studies have found that pathological node metastasis increases the rate of carcinoma recurrence[@r23].

We found that lymph node metastasis did not affect the outcome of FTC, which could be explained by the low possibility of FTC to metastasize to the regional lymph node, and lymph-node dissection is rarely performed during surgery for patients suspected of FTC. Thus, evaluating the prognostic value of this factor is important. Previous studies have found that FTC with pathological node metastasis show an aggressive pathology, e.g., widely invasive carcinoma, and extensive lymph-node dissection is recommended for these FTC cases[@r20]. Passler *et al*.[@r18] found that involvement of cervical lymph nodes is statistically significant in univariate analysis only in patients \>45 years of age.

In our result and in those of other studies, the variant of PTC did not significantly affect survival[@r24]. The tall cell variant has been reported to be typical with aggressive behavior and independently affects DFS and CSS of PTC patients, as shown by multivariate analysis[@r25]. The difference in the results could be attributed to the very small number of this variant in our study.

The survival in Hürthle cell carcinoma was lower than the classic variant in the present study, but no statistical significance was found. Previous studies have found that most cases of oxyphilic cell variant were RAI refractory with worse prognosis than conventional FTC[@r18]. Moreover, the prognosis of oxyphilic cell variant is reportedly similar to or even better than that of conventional FTC[@r20].

Similar to the reported results, the extrathyroid extension in our study was an independent prognostic factor for OS and DFS in PTC and DFS in FTC[@r18]^,^[@r19]. A rare event of extrathyroid extension in FTC had been reported and accounted for only 2% of patients and predicted an adverse prognosis[@r20].

The widely invasive FTC is more likely to recur and exhibit poorer prognosis than the minimally invasive FTC. Therefore, whether an FTC is widely or minimally invasive should be diagnosed during pathological examination to predict patient prognosis and select a subsequent therapy[@r20]. In the present series, OS and DFS in widely invasive FTC were significantly lower than those of patients with minimally invasive FTC, which agrees with other studies. Thus, completion of total thyroidectomy followed by RAI ablation for widely invasive FTC patients is advised[@r18].

Although the incidence of DM in PTC is lower than that in FTC, PTC can metastasize not only to regional lymph nodes, but also to distant organs, such as the lung, bone, and brain. This study showed that the development of DM was an independent prognostic factor of PTC and FTC, as stated in previous reports[@r18]. DM at surgery is one of the most important prognostic factors for CSS of patients[@r19].

Total or near-total thyroidectomy is primarily recommended to reduce the risk of recurrence, thereby improving survival[@r26]. Bilimoria *et al*.[@r27] demonstrated that total thyroidectomy results in lower recurrence rates and improves survival for PTC compared with lobectomy. However, less radical surgery for all low-risk patients is preferred in some studies[@r28].

Postoperative treatment consisted of radioactive ^131^I (80-120 mCi) in patients who underwent at least a near-total thyroidectomy and thyroxin suppression therapy. This treatment was used to ablate residual normal thyroid tissue and adjuvant therapy of subclinically or clinically apparent residual disease. Several studies have suggested a 50% 10-year reduction in recurrence risk and decrease in mortality rate and risk of metastasis[@r29]^,^[@r30]. Chemotherapy was used in some cases of metastatic, non-resectable, or iodine non-responder-differentiated thyroid cancer. However, this modality may result in rare complete remission and uncommon long-term responses[@r30]. Several single chemotherapeutic agents are used in thyroid cancer. Additionally, this treatment has no benefit when used in combination therapy to improve the overall response, but may instead increase toxicity[@r30].

In conclusion, the significant prognostic factors differ between the two types of DTC. Therefore, PTC and FTC patients should be analyzed and reported independently.

PTC prognosis is widely and significantly affected by the age and extrathyroid extension compared with FTC. Additionally, survival of FTC patients is significantly poorer than that of PTC patients.
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